The crystal structure of the Ly49A/D d complex together with site-directed mutagenesis analyses revealed that Ly49A-mediated NK cell inhibition (trans interaction) depends on a lateral binding site, which is located beneath the peptide-binding platform of D d (5) (6) (7) . The same binding site was found to mediate Ly49A/D d cis interaction (4) . Nevertheless, it was recently proposed that cis and trans complexes are distinct (8) .
In the Ly49A/D d cocrystal, the Ly49A homodimer had a closed conformation and was associated with a single D d molecule (5) . In contrast, an open dimer conformation was observed in solution, and this form was able to bind two D d molecules (8) . Thus, it was proposed that trans complexes include two and cis complexes a single D d molecule (8) .
To understand the role of cis interaction for NK cell biology, it is crucial to know whether Ly49A is stably masked by cis D d or whether Ly49A can switch from a cis-to a trans-bound state during target cell interaction as initially proposed in ref. 9 . Unmasking could occur based on early NK cell activation signals and/or via a competition between trans and cis ligand for Ly49A binding. In fact, there is a precedent for the latter scenario: CD22 on B cells is largely inaccessible to soluble, multivalent sialoside probes because of CD22 interaction in cis with ␣2-6-linked sialic acids (10) . Notwithstanding, CD22 readily redistributes to the site of cell-cell contact in a trans ligand-dependent fashion, implying that trans ligands efficiently compete with cis ligands for CD22 binding on cellular interaction (11) . Accordingly, if D d cis and trans ligands compete for Ly49A binding, this could serve to set a threshold for inhibitory signaling in NK cells. Alternatively, cis ligand may preclude binding of Ly49A to trans ligand, consequently reducing the number of Ly49A receptors, which are available to functionally interact with trans ligand. This would serve to permanently lower the threshold at which NK cell activation exceeds NK cell inhibition. To discriminate between the two possibilities, we determined the extent of Ly49A recruitment to synapses with D d ϩ target cells, depending on the expression of D d on the NK cell.
NK cell/target cell conjugate formation chiefly depends on leukocyte function-associated antigen-1 (LFA-1)-mediated adhesion (12) . In addition, LFA-1 engagement provides early activation signals, particularly in IL-2-cultured NK cells (13) . Interestingly, the dynamics of conjugate formation/maintenance differs between lytic and inhibitory interactions (14) . Specifically, inhibitory interactions by human NK cells show reduced conjugate formation compared with lytic ones, suggesting that KIR function limits cellular adhesion (15, 16) . Stable conjugation leads to the formation of supramolecular structure (called an immunological synapse) at the site of NK cell/target cell contact. Lytic and inhibitory interactions correlate with spatially and temporally distinct relocalization of activating and inhibitory signaling molecules to the synapse (17, 18) . Ligand binding is sufficient to induce the reciprocal clustering of MHC-I on target cells and human inhibitory KIR (19) (20) (21) or mouse Ly49A on NK cells (22) . This redistribution of inhibitory KIR occurs independent of receptor signaling (20, 21) . In contrast, KIR signaling via Src homology region 2 domain-containing phosphatase-1 recruitment is required to prevent the sustained transduction of NK cell activation signals and protect target cells from lysis (20, (23) (24) (25) . Although these events have been extensively studied by using human NK cells, very little information is available about the behavior of murine Ly49 receptors. Here, we determined whether the NK cells' D d , via an interaction with Ly49A in cis, impacted the formation of NK cell/target cell conjugates and the relocalization of Ly49A to the cellular contact site. The magnitude of these effects was compared with the binding of soluble multivalent D d complexes to Ly49A. (Fig. 1B) , and the transfectants expressed a single D d species at the cell surface, which was compatible with the predicted size of the D d -YFP fusion protein (Fig. 1C) (Fig. 1D) , and Ly49A blockade led only to a minor further increase of target cell lysis (data not shown). Parental C1498 cells were lysed to the same extent independent of whether Ly49A NK cells expressed D d (Fig.  1D ). These data are in agreement with our previous findings (4) (Fig. 2 A and B) . However, at a later time point (20 min), lytic conjugates were at least as abundant as inhibitory ones. Thus, the inhibitory interaction (Ly49A effectors with D d -YFP targets) correlates with conjugates forming rapidly yet being less sustained compared with interactions leading to lysis. Thus, unlike human KIR (21, 26) , Ly49A seems to contribute rather than to reduce conjugate formation.
Results

Generation of H-2D d -Enhanced
LFA-1 blockade prevented the formation of conjugates between Ly49A NK cells and C1498 targets (Fig. 2C ). In contrast, Ly49A NK cells retained substantial adherence to D d -YFP cells on LFA-1 blockade (Fig. 2C ). In this case, adhesion was mediated in part by Ly49A because the combined blockade of Ly49A and LFA-1 was required to abrogate conjugate formation ( (Fig. 2D ). In addition, acid treatment affected LFA-1 integrity as assessed by mAb binding (Fig. 2D) . Indeed, adhesion to D d -YFP cells was reduced by 40-70%, irrespective of whether Ly49A NK cells expressed D d or not (Fig. 2, compare E with C) . Importantly, however, the residual conjugate formation was now Ly49A-dependent also for D d -expressing NK cells (Fig. 2E) . In agreement with these data, acid-treated Ly49A NK cells essentially failed to adhere to D d -negative C1498 cells (Fig. 2E) . The inability to kill D d ϩ C1498 cells is thus not related to a reduced formation of conjugates with Ly49A NK cells. On the contrary, the experiments reveal that Ly49A actually contributes to target cell adhesion. However, the NK cells' own D d restricts the adhesive function of Ly49A via receptor masking. (Fig. 3) . The majority of conjugates (45%) with Ly49A NK cells showed an evident central accumulation of To quantify the extent of Ly49A or D d -YFP enrichment at the site of NK cell/target cell interaction, we compared the fluorescence intensity at the interaction site to that of control gates on the same cell (Fig. 4B) . Cells on the same slide, which made no contact with other cells, were used as a reference. As expected, the mean factor of enrichment was very close to 1, indicating homogenous Ly49A or D d -YFP distribution on the cell surface in the absence of cell-cell contact (Fig. 4C) (Fig. 5A) . This difference was essentially abolished on acid stripping (Fig. 2D) An adhesive function of Ly49 receptors has been noted before. Indeed, Ly49 receptors transfected into xenogeneic cell lines mediate adhesion to lymphoblasts or tumor cells. This has been used to investigate the ligand specificity of Ly49A and other Ly49 family receptors (3, 27, 28) . In contrast, KIRs do not seem to enhance cellular adhesion (21, 26 (5, 8) . We have proposed that cis interaction was enabled via considerable flexibility of the Ly49A stalk, which allowed the back folding of the ligand-binding domain relative to the NK cell membrane. In contrast, we hypothesized that trans interaction required an extended stalk conformation (4). It is thus possible that the back-folded Ly49A form is relatively stable and, even on dissociation from cis D d , does not readily switch to an extended conformation. In this way, the rebinding in cis would be favored, and trans ligand could not readily compete with cis D d for Ly49A binding. The apparent stability of Ly49A/D d cis interaction contrasts with the reversal of CD22/sia cis interaction during cell-cell contact (11) . Indeed, soluble, high-avidity CD22 ligands can effectively compete with and replace CD22 cis ligands (30) . It is thus thought that CD22 cis ligands determine the binding to biologically relevant trans ligands by setting a competitive binding threshold (30) . In contrast to CD22, we have no evidence that the ratio of cis bound to free Ly49A does significantly change during target cell interaction or the incubation with multivalent ligand. However, this does not mean that the number of ligandaccessible Ly49A receptors is always the same. It is conceivable that this can vary during NK cell development and/or in the context of a particular cellular environment. This could occur via changes in the expression of Ly49A and/or MHC-I genes. For example, an increase of MHC-I gene expression may enhance Ly49A sequestration and consequently further reduce the availability of Ly49A receptors. Such modifications may be useful to further fine-tune NK cell function.
Based on the findings reported herein, we propose that Ly49A/D d cis interaction adjusts Ly49A function to the inherited self-MHC-I environment. This adaptation is relevant for the NK cell's capacity to react to diseased host cells. For example, tumor cells constitutively expressing NKG2D ligand and retaining D d expression are not killed as they should when Ly49A function is not adjusted (Fig. 1D) (4) . Hence, cis interaction renders Ly49A ϩ NK cells useful to react to abnormal host cells. The NK cells' functional adaptation is based on the fact that the MHC-I expressed by NK cells corresponds to that of their environment. Thus, NK cell function is adjusted to the MHC-I environment via a cell-autonomous calibration of Ly49A receptor function.
Materials and Methods
Mice, Cell Culture, and Chromium Release Assays. C57BL/6 (B6) (H-2 b ) mice were obtained from Harlan OLAC (Zeist, The Netherlands). Ly49A and H-2D d Tg mice have been described (31, 32) . All transgenic mice have been backcrossed at least 10 times to the C57BL/6 background. NK cell culture conditions, acid stripping, and 51 Cr release assays have been described (4) . NK cell preparations used in these experiments have been cultured in human IL-2 (500 ng/ml) for 3-6 days. For antibody blocking experiments, effector cells were preincubated for 20 min at 4°C with mAb JR9-318 (anti-Ly49A) or an isotypematched control (mAb MR11.1, anti-TCRV␤8) at a concentration of 10 g per 10 6 effector cells.
Transfectants. C1498 and C1498 H-2D d have been described (4). A plasmid encoding EYFP attached to the C terminus of H-2D d was constructed by inserting a EYFP PCR product containing SalI sites in between H-2D d and a C-terminal FLAG tag in a modified pEF BOS expression vector (4). Stable C1498 transfectants were generated as described (4).
Immunoprecipitation and Western Blot Analysis. For immunoprecipitation, transfectants were reacted with 20 g/ml anti-D d mAb (34-2-12) before washing and cell lysis as described (4) . Immunoprecipitates were denatured in 1% SDS at 100°C for 3 min. Deglycosylation was done according to manufacturer's instructions by using 0.5 units of Endoglycosidase F/N-Glycosidase F (Roche Diagnostics, Rotkreuz, Switzerland) at 37°C for 16 h before Western blot analysis by using rabbit anti-pan-class I antibodies (R218) (kindly provided by F. Levy, Ludwig Institute, Lausanne, Switzerland). Conjugate Assay. Cultured NK cells were labeled with 2 M 5-(and -6)-(((4-chloromethyl)benzoyl)amino)tetramethylrhodamine Orange (Molecular Probes, Carlsbad, CA), and, if needed, C1498 target cells were labeled with 0.1 M 5-(and 6-)carboxyfluorescein diacetate succinimidyl ester (Molecular Probes) for 10 min at 37°C at 5-10 ϫ 10 6 cells per ml. A total of 10 5 NK cells was mixed with target cells at a 1:1 ratio in a final volume of 200 l of DMEM/5% FCS and centrifuged for 2 min at 50 ϫ g at 4°C. After incubation at 37°C for various periods of time, conjugates were gently resuspended by pipetting, fixed by adding 500 l of 1% paraformaldehyde in cold PBS, and analyzed on a FACScan flow cytometer (Becton Dickinson). For antibody blocking experiments, NK cells were preincubated with 10 g/ml mAb for 20 min at 4°C. A mAb concentration of 10 g/ml was maintained during the assay.
Confocal Microscopy. NK cells and target cells were mixed at a 1:1, 1:2, or 2:1 ratio, centrifuged, and incubated for 6-8 min at 37°C. After gentle resuspension, the conjugates were allowed to adhere for 1-2 min on poly(L-lysine)-or poly(D-lysine)-coated microscopic slides and then fixed at room temperature for 10 min with 3% paraformaldehyde in PBS or cold acetone. Anti-Ly49A staining was done by using mAb JR9-318 followed by Alexa 568-conjugated goat anti-mouse IgG antibody (Molecular Probes). Series of 7-16 confocal images per conjugate were acquired along the z-axis with a Leica SP-2 confocal microscope (Leica Microsystems, Wetzlar, Germany) by using a Plan Apo oil ϫ63/1.4 objective. Serial acquisition of YFP (green detector, 520-569 nm) and Ly49A signal (red detector, 599-733 nm) were done to avoid cross-talk between YFP and Alexa 568 fluorochromes. The analysis was performed by using the Image J software (National Institutes of Health; http://rsb.info.nih.gov/ ij/) on maximum intensity projections of three to seven images covering the interaction interface. Fold enrichment was determined as follows: (integrated fluorescence density at the interaction gate/area of interaction gate)/(integrated fluorescence density at control gates/area of control gates). Single cells (not involved in interactions with other cells) were used for reference quantifications: integrated fluorescence density in an arbitrarily chosen region (at the north pole) was compared with that of three control regions.
Statistical Analysis. All P values were determined by using a Wilcoxon rank test. Data sets were considered significantly different when P Ͻ 0.05.
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